INTRODUCTION
Ill health is strongly associated with being out of work and being out of the labour force (Bound, 1991; Cai, 2010; Campolieti, 2002; Stern, 1989) . This adverse effect persists even after controlling for unobserved individual heterogeneity and state dependence that drive employment behaviour (Gannon, 2005; Kapteyn, Smith, & van Soest, 2008; Oguzoglu, 2010 ). Yet, non-work (or non-participation) is only one of the available options facing disabled people.
In a broader sense, alternative employment such as a part time employment is a common response to job loss (Farber, 1999) . There is also evidence that full time working men switch to part-time work, or to non-work, in response to health shocks (Riphahn 1999) . However, in the absence of statutory laws that guarantee their full-time work back, the intertemporal effect of such a switch on future employment outcomes may be ambiguous. Although part-time employment is an undeniably useful channel to enter (or re-enter) employment, it hardly guarantees future full-time employment (Blank, 1989) . Therefore, if part-time employment is not a sufficient stepping stone to full-time employment, the full effect of a disability shock that forces an individual to leave full-time work may outlast the effect that it has on an individual's health. Unemployment scarring (Arulampalam et al. 2001 , Ruhm 2010 ) may have similar adverse effect for those who transit into unemployment due to disability shocks. This may be due to erosion of firm-specific human capital during unemployment spells, and to employers taking the episode of non-work as a signal of low productivity.
Within the aforementioned context, this paper's aim is twofold. The first aim is to capture whether or not a work limiting disability significantly influences individual decisions to leave or stay in an employment state. This is similar to the transitions investigated by Riphahn (1999) ; however, I do not restrict the sample to older men in full-time employment but analyse working 2 age men and women who are in one of the following employment states: full-time employed, part-time employed, unemployed, not in the labour force. The second aim of this paper is to demonstrate that, due to persistent nature of employment behaviour, the full effect of a disability shock may be much more severe than its initial impact on current employment outcomes. Charles (2003) and Mok et al. (2010) show that a work disability has long lasting effect on earnings. They argue that long recovery periods may be due to loss of accumulated human capital. My findings are consistent with this view in that both the intertemporal and immediate impact of a disability shock depend on the skill levels and employment histories of individuals. I estimate several dynamic multinomial models to examine the impact of work limiting disabilities on the employment decisions of Australian working age men and women separately.
Australia is an ideal candidate to analyse multi-state employment dynamics of disability because it has the third highest rate of part-time employment among OECD countries (OECD, 2010) .
With an aging population and increasing prevalence of disability, it mirrors problems that other industrialised nations face.
The econometric methodology closely follows Gong et al. (2004) and Prowse (2010) where dynamic mixed multinomial logit models with random effects are estimated via simulated maximum likelihood method. The models allow for state dependence, endogenous initial conditions and unobserved individual specific heterogeneity in the form of random effects. The utility maximizing choice, given observed and unobserved characteristics, employment and health history, is assumed to be the observed employment state. Exogenous disability and random effect assumptions are relaxed by estimating dynamic linear probability models with fixed effects.
3 The rest of the paper is organised as follows. Section 2 introduces the dataset and reports statistics describing the dynamics of disability reporting and employment behaviour. Section 3 presents the multivariate model and section 4 discusses the result and presents model simulations, section 5 concludes.
DATA AND SAMPLE
The data used for this paper come from the first seven waves of the Household, Income and Labour Dynamics in Australia (HILDA) Survey. Details of this survey are documented in Watson & Wooden (2004 shown on a card. These include, among many others, limited use of fingers or arms, and problems with eyesight that could not be corrected with glasses or contact lenses. Studies by Nagi (1969) , Maddox & Douglas (1973) and LaRue et al. (1979) find close correlation between self-reported health status such as the one used in this paper and medically determined health status. Oguzoglu (2010) shows that the self-reported work limitation in HILDA is highly correlated with detailed health information such as hospital admissions, SF-36 Physical functioning index (Ware, 2000) and prevalence of specific health conditions (arthritis, cancer...etc). Similar results are reported by Riphahn (1999) using health satisfaction from the German Socio-economic Panel (GSOEP) and by Burkhauser & Daly (1994) using self-reported disability status from GSOEP and from the Panel Study of Income Dynamics (PSID).
Characteristics of the Sample
The sample contains an unbalanced sample of persons aged 24 to 65 years. People in fulltime study, individuals who receive old age pension and anyone with missing observations or who are observed less than two consecutive periods are removed from the sample. The final sample consists of 25,984 observations from 1,787 men and 1,925 women. Table 1 describes demographic characteristics of the sample.
Dynamics Association of Disability and Work
In this section, I present statistics describing the dynamic relationship between work disability and employment choices. The proportions of observed employment states are summarised for each gender and disability category in Table 2 . Work limitation is associated with a higher likelihood of being out of the labour force (nonparticipation), unemployment and part-time work for men. Compared to 84 percent of not disabled men, only 34 percent of disabled men are working in full-time jobs. 48 percent of disabled men are out of the labour force with compared to 6 percent of not-disabled men. Part-time employment is more prevalent among disabled (13 percent) than not disabled men (8 percent). For women, work disability is associated with lower full time and part time employment and higher unemployment and labour force non-participation.
In Figure 1 and Figure 2 , the association of work disability and employment choices are presented over time. The four separate panels of Figure 1 present the percentage of individuals that transit into full time employment conditional on their employment status at t = 1 t = 1. Two groups of men and women are examined. The first group are individuals who report a work limitation in wave 1 (the disabled group). The second group consists of persons who never report a disability (the not-disabled group). For men, the probability of continuing full-time employment declines more sharply for the disabled group than does it for the not-disabled group.
Transition into full-time employment remains constant over time for disabled persons who were initially out of the labour force, and the likelihood start increasing only at t=3 for individuals who were initially employed part-time or unemployed. On the other hand, for the not-disabled persons who belong to these initial labour force categories the likelihood of full time work is increasing over time.
Another notable difference between disabled and not-disabled group is how unemployed fair against the part-time workers. Not-disabled unemployed has significantly higher likelihood than part-time workers to transit into full-time employment. For the disabled group, however, the unemployed and part-time employed are equally likely to be in full time employment. For women, apart from a sharper decline in the probability of continuing on full time work for the disabled group, no significant difference is observed across the disabled and not disabled group. Statistics presented in this section imply a highly dynamic interaction between employment and disability. Disabled are less likely to find employment or to stay employed than not-disabled. Given the demographic differences between people with and without a disability, this does not imply a casual effect of disability. Observed patterns may be due differences in human capital or other unobserved factors that lower labour force attachment for the disabled.
Therefore, a more accurate measure of the disability effect on employment choices requires multivariate modelling. The dynamic multivariate model presented in the next section aims to capture this complex relationship.
METHODOLOGY
An individual's labour supply problem can be written as follows 2 : For the empirical implementation of the maximization problem I specify a linear approximation to the value of choosing employment state j at time t as follows:
In (2), 
The person specific unobserved factors are modelled as random effects by assuming that
Due to its ability to combine mixtures of distributions, the above model is often referred to as the mixed multinomial logit (MMNL) model (Train, 2009) . One caveat with the random effect assumption is that unobserved heterogeneity should be assumed to be uncorrelated with the observed characteristics of the model. In order to relax this assumption time averages of all time varying variables in X it X it are added to the model as in Mundlak (1978) .
Another important issue is the initial conditions problem (Heckman, 1981) . The problem is that initial realisations of employment, which are unobserved for the majority of individuals in the data, have a crucial impact on entire path of employment outcomes. Treating initial conditions as exogenous produces inconsistent estimates. I follow Gong et al (2004) and Prowse (2010) to approximate the initial conditions with a static multinomial logit model using data from the first observed period 3 . This initial conditions equation is estimated jointly with the dynamic model. The linear approximation of utility of chosen state j at time t = 1 t = 1 can be written as:
where x i;1 contains information available from the first period including the disability status.
The probability of individual i being in labour state j at time t = 1 t = 1 is:
) 0 is assumed to be generated from the random effects in (1) and satisfy the following:
where B is 3 £ 3 3 £ 3 correlation matrix to be estimated. The individual contribution to the likelihood for the MMNL model has the following form:
Since the individual effects are unknown, they have to be "integrated out" of the likelihood function. I employ a simulated maximum likelihood method using the recursive simulator 4 . The procedure can be summarised as follows: consider likelihood function for the entire sample:
is the density of ´j j . The first step is to transform pseudo-random draws 5 to trivariate normal distributed random effects in order to satisfy (6); these random effects are then plugged into the likelihood function. After R repetitions, simulated likelihood values are averaged and the simulated likelihood is iterated until convergence, while for each iteration, new random numbers are drawn. The integral in (8) is thus replaced by
In the empirical work I use R = 100 6 .
Linear Probability Models and GMM
The consistency of the MMNL results rely on the strict exogeneity of work disability and other observed characteristics and normality of the random effects. In order to test the robustness of the results, I estimate several linear probability models with fixed effects. The following three linear binary models (LPM) are estimated separately for full-time work, parttime work and unemployment.
The models are estimated individually by System GMM Arellano & Bover (1995) . In this approach, the models in (10) and their firstdifferenced counterparts are estimated together in a stacked form 7 . The unobserved heterogeneity is removed by simply first-differencing the models, which allows one to be agnostic about
, which is assumed to be zero for the MMNL model, and about the distribution of ´í i .
More importantly, LPM allows endogeneity of work limitation in two forms: one that is due to unobserved time invariant heterogeneity that may jointly drive employment and disability reporting 8 and another that is due to time varying unobserved factors. The first source is eliminated by removing the fixed effects. The second source of endogeneity is controlled for by 7 For example the first difference model for FT state is: (2) process, I tested for second degree serial correlation following Arellano & Bond (1991) . When AR (2) is detected, y ij;t¡2 y ij;t¡2 are added to (10) and the models are re-estimated.
Results
In this section, results from the estimation of model (1) Therefore, a positive estimated coefficient of a given characteristics X k X k for the outcome j j refers to a higher likelihood of choosing employment state j j over NILF in the presence of the characteristic X k :
The results for the dynamic multinomial model are reported in Table 3 and Table 4 , for men and women, respectively. The impact of statistically significant control variables can be summarised as follows. Education increases the probability of employment over nonparticipation. For women, the probability of full-time and part time employment is increasing in age whereas age is only a minor factor for men. Marriage and dependent children slightly also raises the likelihood of full time work in the next period.
The mean of the random effects, ® j ® j , is estimated significantly. The variance of ® j ® j is also significant for all states except unemployment for men, however the magnitude of the random effect is much lower than the impact of the time variant unobservables (normalised to be ¼
The correlation of random effects across employment states imply that the unobserved individual 13 specific factors that drive each employment choices overlap but are not exactly the same. Except for the likelihood of female unemployment, the adverse impact of a current work limitation is highly significant for all employment states, even after controlling for observed characteristics, unobserved person specific factors and state dependence.
The results from the Dynamic Interaction models are reported in Table 5 . I report only the variables of interest to save space. For women, interaction variables for the unemployment state are estimated imprecisely; also, the coefficient of lagged unemployment and current disability interaction is insignificant for the part-time state. However, all other interaction terms are highly significant. The sign of the significant interaction terms suggests that work limitation shocks significantly affect own state dependence. A disabled individual who worked part-time at t ¡ 1 t ¡ 1 is less likely to stay in part-time employment and more likely to switch out of labour force at t t than a not disabled individual who worked part time at t ¡ 1 t ¡ 1. The disability shocks also alter the cross-state dependence. For example, an unemployed person at t ¡ 1 t ¡ 1 is more likely to become a nonparticipant and less likely to become full time employed at t t if he becomes disabled at t t, than unemployed person who does not become disabled.
Average Partial Effects
The estimated coefficients of nonlinear probability models do not have a useful interpretation, save for their sign and significance. The average partial effects (APE) for variables of interest are computed for an average man and an average woman, and random effects are assumed to be zero 9 . The APE of a characteristic k represents the percentage increase 9 See Wooldridge 2004 a detailed discussion on APE for binary models. APE statistics were also computed via simulation using the estimated mean, and covariance matrix of the random effects.
The results were not significantly different.
14 in probability of observing state j in response to having the characteristic k. The results are presented in Table 6 .
Full-time employment exhibits the highest persistence over time while unemployment exhibits the lowest. Full-time working men are, on average, 50 percent more likely to be working full time in the next period compared to men who are not currently participating in the labour force. Persistence of full time employment is higher for women, around 65 percent. Part-time work is also highly state dependent: current part-time employment is associated with a higher likelihood of future part-time work by 28 and 41 percent for men and women, respectively. For both men and women, working part time increases the probability of switching to full time work.
However, the increase in the probability of full-time work due to past unemployment is much higher. Unemployed men have a 22 percent higher likelihood than nonparticipant men to become a full-time worker in the next period. The increase in the likelihood of full-time employment due to past part-time work is only around 8.5 percent.
A work limitation shock decreases the probability of full-time work by 11.5 and 8.4
percent for men and women, respectively. The probability of nonparticipation is increased by around 8 percent for men and 9 percent for women. The increase in the likelihood of unemployment due to a work disability is around 1 percent for both sub-samples. The likelihood of working part-time decreases by 1.6 percent for women and increases by 2 percent for men.
This implies that, on average, disability shocks make employed women switch to nonparticipation and unemployment, whereas full time working men also transit into part time work due to a disability shock. The APEs of the dynamic interaction model support these transition patterns. According to the results, the increase in the likelihood of part-time work for men has two sources: first, a part-time worker at t ¡ 1 t ¡ 1 is more likely to continue to work part-time if he becomes disabled at t t compared to a part time worker that does not become disabled.
Second, men from all other employment states are more likely to switch to part-time work and less likely to switch to (or stay in) full-time work if they become disabled at t t compared to their counterparts that are not disabled. For women, the small decline in the probability of part time work estimated by the dynamic model masks large heterogeneity across lagged employment states. Women who become disabled at t t and were unemployed or full-time employed at
are more likely to transit into part-time work (by 3 and 4.8 percent, respectively) than their notdisabled counterparts. On the other hand, disabled women who are employed part time at
are far more likely (around 9.3 percent) not to participate in the labour force than part time working women who are not disabled. Another interesting pattern that is implied by the interaction model is that lagged unemployment is associated with the highest disability penalty.
Unemployed men and women are 35.7 and 16.7 percent less likely to become full time employed if they are disabled at t t.
Fixed Effect Estimates
The results from LPM with fixed effects are presented in Table 7 for men and 
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The Sargan test confirms the validity of the instruments used in the models. The presence of second degree serial correlation in the full-time employment models for men and women, and in the part-time employment model for women cannot be rejected. Therefore, AR (2) specification for these models are more appropriate. The fixed effects results confirm strong own state dependence implied by the MMNL results. Cross-state dependence for the part-time employment model for men, and the unemployment model for women are estimated imprecisely.
However, the sign and significance of the coefficients of all other lagged state variables are consistent with the MMNL results.
Focusing on the work disability variable, after controlling for fixed effects and endogeneity of work disability, work limitation is no longer significant in the probability of unemployment for men and women, and the probability of part-time work for men. Note that although it was estimated significantly by MMNL model, the average partial effect of work disability on unemployment is only around 1 percent. The APE of work limitation on part time work is also small, around 2 percent. The impact of work disability on full time employment is highly significant for both sub-samples. Also, the work disability effect on part time work for women is highly precise. Assuming that predicted probabilities are between 0 and 1, the magnitude of the disability effect can be interpreted as follows: the probability of full time work declines by 9.5 percent and 11 percent for disabled men and disabled women respectively. The effect of work limitation on part time work is much higher than the APEs of the MMNL model, around 6.6 percent.
Intertemporal Effect of Disability
The Individuals are assumed to be not disabled before and after the shock.
The employment response for the high skilled men and women are presented in Figure 3 .
For men, the probability of full-time employment declines sharply as a response to the disability shock at a disability shock. An interesting pattern is that the simulated likelihood of part-time employment increases for periods 4 and 5. This suggests that women who initially left the labour force due to a disability are expected to re-enter employment via part-time work. These two factors prolong the effect of the disability on high-skilled women's full time employment prospects. The likelihood of full-time employment returns back to pre-shock levels only 6 years after the shock.
In Figure 4 , I present the intertemporal disability effect on employment choices of lowskilled persons. The initial increase in the likelihood of non-participation for low-skilled men is much higher than that of the high-skilled sample. Moreover, the decline in likelihood of parttime work is slower, which slows down the recovery of the likelihood of full-time employment.
The Dynamic Model predicts that a combination of these factors lead a temporary disability having a small (around 1 percent) but permanent effect on the probability of finding a full-time employment for this group.
The impact of a one-time disability shock is much more dramatic for the low-skilled female sample. Recovery of the likelihood of full-time work is slow and is not fully realised even 6 years after the shock. Two main factors may contribute to this pattern. First, initially, the impact on the likelihood of employment is much larger than the other sub-samples. Although the likelihood of full-time employment declines at a rate comparable to those of high-skilled women, the overall impact on employment is much larger due to the drop in likelihood of part-time work (which actually rises for high-skilled women). As a result, the likelihood of full-time work is lower by about 2 percent than its pre-shock levels even at t = 8
CONCLUSION
In this paper the impact of work limiting disabilities on multi-state employment choices are investigated using dynamic models that allow for state dependence, unobserved heterogeneity and interaction between lagged employment states and work disability.
The impact of work disability on full time employment is found to be highly significant and economically large. Current disability is associated with a reduction of around 11.5 and 8.4
percent in the likelihood of full-time work for men and women, respectively. Moreover, due to high own state dependence the full effect on employment may be even higher. For example, since a part time worker is more likely to continue part time work than to transit into full time employment, switching to a part time job to accommodate a temporary disability may have prolonged adverse affects on the likelihood of full time employment.
Model simulations are presented to capture the intertemporal effect of disability for men and women with different skill levels. For low-skilled men and women the simulated probability of full-time employment is altered permanently due to a disability that last only one period. Lowskilled individuals that exit full-time employment either to enter part-time employment or to leave the labour force have big difficulties to re-enter full time employment. Even for highskilled people, the impact of a disability is expected to be long lasting. For example, the likelihood of full-time employment for high-skilled women who experience a temporary disability returns back to pre-shock levels only 6 years after the shock. There might be two factors driving this outcome. First, like men, high persistence of employment behaviour slows down the recovery; second, because part-time work is also strongly state dependent for women, those who switch from full time work to part time work tend to stay there longer. Moreover, women who initially leave the labour force due to a disability do not promptly return to full time 20 work but may settle for part time employment instead.
The magnitude of the cross lagged state parameters suggest that an unemployed individual is far more likely to switch to full time employment than a part-time worker. However this difference disappears for the disabled. The estimated initial impact of disability on part-time work is approximately 2 percent increase for men and a 1.6 percent decrease for women.
However, these modest outcomes mask significant cross-state movements. For example, a small decline in part-time female employment hides a large inflow of disabled full-time workers and disabled unemployed individuals into part-time employment.
This paper gives a dynamic disaggregated analysis of the interaction between disability and employment choices. I find significant discrepancies among how full time, part time and unemployment propensities react to a disability shock. Results suggest that policies that solely aim to build incentives for labour force participation may have mixed results if they ignore the source of this heterogeneity. Note: FTIME,PTIME, UNEMP and NILF refer to full time employed, part time employed, unemployed, and not in the labour force at t=1 respectively.
Figure 2: Probability of Switching into Part time Employment Conditional on Initial

Employment State and Disability
Note: FTIME,PTIME, UNEMP and NILF refer to full time employed, part time employed, unemployed, and not in the labour force at t=1 respectively. Table 8 30
FIGURE 3: Employment Response after Disability -High Skilled Persons
